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[57] ABSTRACT

A photosensitive material for electrophotography is
provided, which comprises in sequence an electrocon-
ductive substrate, a carrier transport layer composed of
a selenium-arsenic alloy, a carrier generation layer com-
posed of a selenium-tellurium alloy and a surface coat-

- ing layer composed of a selenium-arsenic alloy. The

present invention further relates to a photosensitive
material having a carrier transport layer that is doped
with iodine as well.

10 Claims, 1 Drawing Sheet
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LAYERED PHOTOSENSITIVE MATERIAL FOR
- ELECTROPHOTOGRAPHY COMPRISING
SELENIUM, ARSENIC AND TELLURIUM

" BACKGROUND OF THE INVENTION

'The present invention relates to photosensitive mate-
rial for electrophotography having a surface coating
layer on a function-separation type multi-layered photo-
- sensitive structure for use in printers, digital copiers,
and the like.

- Conventional photosensitive materials for electro-
photography include selenium type, OPC type, and so
forth, and among them, the selenium type is excellent
with respect to resolution power, durability, electric
‘properties and circumstantial resistance. However, the
 drawbacks of using selenium lie in that it has sensitivity
only up to about 550 nm, except for crystalline selenium
which is panchromatic. Further the surface of selenium
- photosensitive material crystallizes even at a slight tem-
perature elevation which makes the material unusable.

~ Inlight of the above, various elements have been added

to the photosensitive material to overcome such draw-
backs.

- For example, tellurium has been used as an additive in
- photosensitive materials. Although the addition of tellu-
rium can increase the spectral sensitivity as well con-
tribute to the suppression of crystallization, if the photo-
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sensitive material is intended to be sensitive to semicon-

ductor lasers (800 nm), the amount of teilurium required
becomes excessive due to reduction in the residual po-
tential and increase in fatigue. Consequently, a surface
coating layer (OCL) is added for suppressing the elec-
trical charges from the surface. However, most of the
materials used in such a coating layer, such as pure Se,
OPC and 4 wt % As - Se alloy, have extremely low
- hardness and are inferior in printing resistance.

~ In the case of adding arsenic to the coating layer in
order to increase the spectral sensitivity, heat resistance
and sensitivity are improved as the amount of arsenic is
increased. However, since the effective sensitivity re-
gion is only up to 700 nm, a coating layer containing
~arsenic 18 not suitable for semiconductor laser light
- sources with wave lengths at 800 nm.

- The object of the present invention is to provide a
photosensitive material for electrophotography capable
of overcoming the foregoing problems, having sensitiv-
ity at long wavelengths and also excellent heat stabmty
and printing resistance.

SUMMARY OF THE INVENTION
In accordance with the present invention, a photosen-
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sitive material for electrophotography is provided,

which comprises in sequence an electroconductive sub-
strate, a carrier transport layer composed of a selenium-
arsenic alloy, a carrier generation layer composed of a
selenium-tellurium alloy and a surface coating layer
composed of a selenium-arsenic alloy. The present in-
vention further relates to a photosensitive material hav-
~ 1ng a carrier transport layer that is doped with iodine as
well.

The surface coating layer comprising a seleniumar-
senic type alloy has increased hardness compared to a
layer comprising only selenium. High printing resis-
tance can therefore be obtained with a selenium-arsenic
alloy layer. Furthermore, a carrier generation layer
composed of a selenium-tellurium type alloy having a
high tellurium concentration can be used, which in-
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creases the sensitivity of the carrier generation layer to
the semiconductor layer. In addition, use of a selenium-
arsenic type alloy in the carrier transport layer makes it
possible to prevent cracking of the surface coating layer
due to differences in the heat expansion coefficients of
the surface coating layer, having a small heat expansion
coefficient (e.g. 2X10—K 1), and the carrier genera-
tion layer.

- BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional view illustrating the layer
construction of one embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to a photosensitive ma-
terial for electrophotography, which comprises in se-
quence an electroconductive substrate, a carrier trans-
port layer composed of a selenium-arsenic alloy, a car-
rier generation layer composed of a selenium-tellurium
alloy and a surface coating layer composed of a seleni-
um-arsenic alloy.

Referring to FIG. 1, the photosensitive material of
one embodiment of the present invention comprises a
carrier transport layer 2 composed of selenium-arsenic
or selenium-arsenic-iodine alloy, a carrier generation
layer 3 composed of selenium-tellurium alloy and a
surface coating layer 4 composed of selenium-arsenic
alloy laminated disposed in sequence on an electrocon-
ductive substrate 1 which is usually made of aluminum.
Intermediate layers can be added selectively for the
improvement of electrical characteristics between the
substrate 1 and the carrier transport layer 2, between

‘the carrier transport layer 2 and the carrier generation

layer 3, or between the carrier generation layer 3 and
the surface coating layer 4. Examples of such layers are
described in commonly owned U.S. patent applications
Ser. No. 07/192,469 and Ser. No. 07/192,470 filed con-
currently herewith which are incorporated herein by
reference.

The preferred thickness of the surface coating layer 4
is from 0.5 to 10 pm. Although the layer should be as
thin as possible to allow maximum incidental light to
pass through the layer, the printing resistance of the
layer must also be maintained. The concentration of
arsenic in the surface coating layer 4 is preferably 5 to
40 atomic %. Greater than 40 atomic % arsenic (As
2Sez) decreases the hardness of the layer, and less than
5 atomic % arsenic may involve decreases the printing
resistance. At 5 atomic % arsenic the printing resistance
of the surface coating layer 4 1s maintained for about
300,000 sheets.

The preferred thickness of the carrier generation
layer 3 is 0.05 to 5 pm. If it is less than 0.05 um thick,
high temperature stability of the photosensitive material
decreases and the sensitivity is reduced at longer wave-
lengths. However, if the thickness of the carrier genera-
tion layer 3 exceeds 5 um, dark decay increases. The
composition of the carrier generation layer 3 1s prefera-
bly from 5 to 40 atomic % tellurium. Greater than 40
atomic % tellurium causes an increase in dark decay
and promotes crystallization of the layer.

The thickness of the carrier transport layer 2 is pref-
erably from 30 to 80 um in view of the surface potential
or electric field. The arsenic concentration in the carrier
transport layer 2 1s preferably from 5 to 40 atomic % to
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maintain crystallization resistance and high temperature
stability. If the arsenic concentration is increased to 40
atomic % in the surface coating layer 4 in order to
increase the printing resistance, the arsenic concentra-
tion in the carrier transport layer 3 should be restricted 3
to 30-40 atomic % arsenic to prevent cracking at high
temperatures. However, if such photosensitive material
is used for a high speed printer in which the time from
exposure to development is approximately 100 usec,
since the running time in the film becomes more than 10
100 nsec, the effective sensitivity is reduced. In order to
eliminate such a drawback, it is effective to dope the
carrier transport layer 2 with iodine, thereby shortening
the running time. If the amount of 10odine exceeds 10,000
ppm, the dark decay is markedly increased and the
surface charge density is decreased. If less than 100 ppm
iodine is employed, there is no substantial effect.

Each of the layers inevitably contains impurities that
cannot be removed or need not be removed.

EXAMPLE 1

A photosensitive material for electrophotography
was prepared in the following manner. First, an alumi-
num pipe of 242 mm diameter and 450 mm length was
cleaned and fixed to a rotary support shaft of an evapo-
ration device as the substrate, and maintained at a tem-
perature of about 190° C. The evaporation device was
evacuated down to a pressure of 1 X 10— torr. Then, an
evaporation source incorporating As alloy was heated 10
to about 400° C. and a carrier transport layer was vapor
deposited on the substrate having a film thickness of
about 60 pm. Then, flash evaporation was used to vapor
deposit Se/Te alloy of 34 atomic % Te as the carrier
generation layer, so that the photosensitive material 45
would have a spectral sensitivity at long wavelengths.
‘The layer was vapor deposited to a thickness of about
0.5 um while the temperature of the substrate axis was
held at 60° C., the pressure in the evaporation device
was held at 1 X 10— torr and the temperature of evapor- 49
ization source was 350° C. An intermediate layer of
about 0.4 um thickness with a graduated Te concentra-
tion was disposed between the carrier generation layer
and the carrier transport layer so that carriers generated
in the carrier generation layer would be smoothly trans- 45
ferred to the carrier transport layer. Then, As/Se alloy
of 38 atomic % arsenic was vapor deposited to a thick-
ness of about 2 um of the carrier generation layer. This
formed the surface coating layer.

EXAMPLE?2 20

A photosensitive material was prepared in the same
manner as Example 1, except that the carrier transport
layer was doped with 5000 ppm of iodine.

EXAMPLE 3

A photosensitive material was prepared in which just
an AspSes; layer approximately 63 um thick was formed
on the aluminum substrate.

EXAMPLE 4

For comparison, a photosensitive material was pre-
pared in the same manner as Example 1, except that the
surface coating layer was composed of 4 atomic %
arsenic with a thickness of approximately 2 mm. 65
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The test results for the four photosensitive materials
of Examples 1 through 4 are shown in Table 1, wherein
O represents a good result, A represents some loss of
quality and x an unacceptable result.

As shown in Table 1, the photosensitive materials of
Examples 1 and 2 according to the present invention
and the photosensitive material of the comparative Ex-
ample 4 had sufficient sensitivity at long wavelengths.
The photosensitive materials of Examples 1 and 2 and
the photosensitive material of the comparative Example
3 had high hardness and printing resistance. Further-
more, in the test using an actual printer of 100 msec
from exposure to development corresponding to high
speed response, the photosensitive materials of Exam-
ples 1 and 2 and the photosensitive material of Example
4 were satisfactory and they were particularly excellent
with respect to the density contrast.

I claim:

1. A photosensitive material for electrophotography,
which comprises in sequence

(a) an electroconductive substrate;

(b) a carrier transport layer composed of a selenium-

arsenic alloy;

(¢) a carrier generation layer composed of a selenium-

tellurium alloy; and

(d) a surface coating layer composed of a selenium-

arsenic alloy.

2. The photosensitive material according to claim 1,
wherein the arsenic concentration in the carrier trans-
port layer is from 5 to 40 atomic %.

3. The photosensitive material for electrophotogra-
phy according to claim 2, wherein the carrier transport
layer also contains from 100 to 10,000 ppm of 1odine.

4. The photosensitive material of claim 1, wherein the
tellurium concentration in the carrier generation layer is
from 20 to 40 atomic %.

. The photosensitive material according to claims 1,
2, 3 or 4, wherein the arsenic concentration in the sur-
face coating layer is from 5 to 40 atomic %.

6. The photosensitive material for electrophotogra-
phy which comprises in sequence:

(a) an electroconductive substrate;

(b) a carrier transport layer composed of a selenium-

arsenic ally comprising 5 to 40 atomic % arsenic;

(c) a carrier generation layer composed of a selenium-

tellurtum alloy comprising 20 to 40 atomic % tellu-
rium; and

(d) a surface coating layer composed of a selenium-

arsenic alloy comprising 5 to 40 atomic % arsenic.

7. The photosensitive material according to claim 6,
wherein the carrier transport layer also contains from
100 to 10,000 ppm iodine.

8. The photosensitive material according to claim 1,
wherein the concentration of arsenic in the carrier
transport layer is at such a level to maintain crystalliza-
tion resistance and high temperature stability.

9. The photosensitive material according to claim 8,
wherein the concentration of tellurium in the carrier
generation layer is not so high as to cause an increase in
dark decay and promote crystallization of the layer.

10. The photosensitive material according to claim 9,
wherein the concentration of arsenic in the surface
coating layer is not so high as to decrease the hardness
of the layer.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 4,868,077 Page 1 of 2
DATED ! September 19, 1989
INVENTOR(S) : Mitsuru Narita

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 3, line 30, "As" should read --As,Se,--;

Column 4, following line 4, insert:

TABLE 1
}
Printing
Spectral (Circum-
| Photo- sensitivity ferential
sensitive Lavyer Hardness (wavelength speed 780 Overall

material constitution (HV ) (780 nm) mm/sec) estimation

| Example 1 Se/As-

Se/Te- 150 . A A
Se/As(38%)
Example 2 Se/As/I-
Se/Te-
Se/As(38%) 150 O 0 O
Example 3 SeAs 150 X X X

Example 4 Se/As-
Se/Te-
Se/As(4%) 60 . A X
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 4, line 44, "ally" should read --alloy--.

Signed and Sealed this
Fifteenth Day of October, 1991

Attest:

HARRY F. MANBECK, JR.

Artesting Officer Commissioner of Patents and Trademarks
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